This paper describes the evaluation of the effectiveness of rehabilitation therapy for patients with finger paralysis based on a two-finger force measurement system (TFFMS). The paralyzed fingers can be recovered through rehabilitation therapies. The finger pressing force of the patients can be measured utilizing the TFFMS previously developed by the author [7] . The TFFMS, however, has not been fully adopted as a standard method for evaluating the therapy owing to the lack of a standard protocol. The pressing force of healthy volunteers and patients is analyzed with the TFFMS to explore the feasibility of the TFFMS as an evaluation device. The test confirms that the established standard protocol is useful to quantitatively assess the progress of finger rehabilitation therapy.
INTRODUCTION
The number of patients with finger paralysis, which is a condition where the patients are unable to use their fingers, has greatly increased over the recent times. Use of their fingers can be recovered with rehabilitative training; rehabilitation can be assessed by patients being able to pull a hook grasp a cylindrical object, or a plate. At present, most hospitals use cylindrical objects, hooks, plates, and plate objects that cannot measure the forces exerted by the patients when grasping. Therefore, doctors can only roughly estimate the progress of rehabilitation by touching and watching the grasping and pulling actions of patients' fingers.
The developed finger force-measuring system [1] [2] [3] [4] [5] [6] [7] with a force sensor can measure the forces applied by fingers. This finger force-measuring system, however, has not been fully adopted as a standard method for evaluating therapy owing to the lack of a standard protocol.
In this paper, a characteristics test for the finger pressing forces of healthy individuals were performed utilizing a twofinger force measurement system (TFFMS) [7] , and an evaluation standard of the rehabilitation therapy for patients' two fingers (thumb and forefinger) was created by using the results.
In addition, the pressing force of patients' finger was measured using the TFFMS, and the results were applied to the evaluation of rehabilitation therapy.
TFFMS [7]
2.1 Finger Force-measuring Principles 
The TFFMS was developed by the author [7] , as shown in 
CHARACTERISTICS TEST OF TWO-PLATE OBJECT PRESSING USING TFFMS

Characteristics Test of Normal People using TFFMS
A two-plate pressing force test can be carried out to evaluate the rehabilitation therapy of a patient's fingers. The rehabilitation can be evaluated by pressing two plates using the standard TFFMS 
, thereby generating the plate pressing force data from the characteristics test. In this paper, a characteristics test of the pressing of two plates was performed using the TFFMS with 45 male and 45 female university participants.
Fig . 3 shows the experimental setup for measuring the finger pressing force; it is composed of the system and a computer.
When the patient presses the two plates, the pressing force is measured by the force sensor, and the force is indicated on an LCD; this data is also transmitted to the computer. The measurement value is acquired by measuring the values three times. 
TFFMS Characteristics Test of Patients and Evaluation of Rehabilitation Therapy
A two-plate pressing test was performed to evaluate the rehabilitation therapy of patients' fingers. Fig. 5 shows photographs of the characteristics test of the two-plate object pressed by patients with finger paralysis using the TFFMS, The tests were performed by four male and four female patients.
The first standard method of the evaluation of rehabilitation therapy is to estimate the finger pressing force of patients by applying the finger pressing forces of healthy individuals to the graphs. Fig. 6(a) shows the graphs of the finger pressing forces of four male patients with finger paralysis added to the graph of the pressing forces in Fig. 4(a) , and Fig. 6(b) shows that of the four females added to the graph from Fig. 4(b) .
As shown in Fig. 6(a) , the pressing force of the left hand of patient B was larger than the average force, but that of the right hand with paralyzed fingers was much less than the minimum force of healthy individuals. The pressing force of the left hand of patient A was similar to the average force, but that of the right hand was much less than the minimum force. Therefore, it was roughly assessed that the rehabilitations of the right hands of patients A and B were not complete and that the rehabilitation of the left hand of patient C was almost complete but that of patient D was not complete. As shown in Fig. 6(b) , it was assessed that the rehabilitation of the left hand of patient C was almost complete because that of the right hand was closer the average force and that of the left hand was close to the minimum force of healthy people. However, the rehabilitation of the right hands of patients A and B and that of the left hand of patient D was not complete. The results were in accordance with the diagnosis of a medical specialist in that field.
Rehabilitation therapy is evaluated by comparing the measured pressing forces of patients' paralyzed fingers with the pressing forces of healthy adults, as shown in Fig. 6 .
To evaluate the rehabilitation therapy of the left-handed patient The calculated pressing forces of paralyzed fingers can be obtained from Equations (1) and (2).
where L e f t h a n d 
CONCLUSION
In this paper, two standard methods for the evaluation of rehabilitation therapy for patients with finger paralysis were presented utilizing the TFFMS [7] . The first standard method of the evaluation of rehabilitation therapy is to estimate the finger pressing force of patients by applying it to the graphs made from the finger pressing forces of normal patients. The second standard method is to estimate the measured finger pressing force of a paralyzed hand compared to the calculated finger pressing force of a paralyzed hand. It was confirmed that the rehabilitation results for patients obtained using the two standard methods of the evaluation were similar to those of a medical specialist. It is believed that the two standard methods of the evaluation can be used to assess rehabilitation therapy for patients with finger paralysis utilizing the TFFMS.
